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ABSTRACT 

The N a t i o n z l  B u r e a u  o f  S t a n d a r d s  h a s  u n d e r t a k e n  t h e  
deve lopmen t  of  d i a g n o s t i c  t e s t  me thods  f o r  e v a l u a t i n g  t h e  
t h e r m a l  i n t e g r i t y  o f  f e d e r a l  o f f  i c e  b u i l d i n g s .  The  
p u r p o s e  of t h i s  p r o g r a m  i s  t o  d e v e l o p  t e s t  p r o c e d u r e s  
which c a n  be u s e d  f o r  1.) t h e  v e r i f i c a t i o n  of t h e  t h e r m a l  
s p e c i f i c a t i o n s  o f  r e c e n t l y  c o n s t r u c t e d  f e d e r a l  b u i l d i n g s ,  
2.) t h e  d e t e r m i n a t i o n  of  a p p l i c a b l e  r e t r o f i t  m e a s u r e s  t o  
e x i s t i n g  b u i l d i n g s  a n d  3 . )  t h e  p o s t  e v a l u a t i o n  o f  
r e t r o f i t  work.  A s  p a r t  o f  t h i s  p r o j e c t ,  e i q t  f e d e r a l  
o  f i c e  b u i l d i n g s  r a n g i n g  i n  s i z e  f r o m  3 0 0 0  m t o  4 5 , 0 0 0  
m5 h a v e  b e e n  t e s t e d  f o r  t h e i r  a i r  i n f i l t r a t i o n  
c h a r a c t e r i s t i c s .  T h e s e  b u i l d i n g s  a r e  l o c a t e d  i n  
A n c h o r a g e ,  A K ;  Huron ,  SD; F a y e t t e v i l l e ,  A R ;  P i t t s f i e l d  
M A ;  S p r i n g f i e l d ,  M A ;  N o r f o l k ,  V A ;  C o l u m b i a ,  SC a n d  Ann 
Arbor,  M I .  T r a c e r  g a s  t e s t s .  h a v e  been  p e r f o r m e d  i n  t h e s e  
b u i l d i n g s  d u r i n g  t h e  f a l l ,  w i n t e r  and  s p r i n g  i n  o r d e r  t o  
e v a l u a t e  b o t h  t h e  v e n t i l a t i o n  of t h e s e  b u i l d i n g s  d u r i n g  
o c c u p i e d  p e r i o d s  a n d  t h e  n a t u r a l  a i r  l e a k a g e  u n d e r  
v a r i o u s  w e a t h e r  c o n d i t i o n s .  F a n  p r e s s u r i z a t i o n  t e s t s  
h a v e  b e e n  p e r f o r m e d  on  t h e s e  b u i l d i n g s  u s i n g  t h e  s u p p l y  
a n d  e x h a u s t  f a n s  o f  t h e  b u i l d i n g  a n d  a  t r a c e r  t e c h n i q u e  
t o  m e a s u r e  t h e  a i r  f l o w  i n d u c e d  by t h e  H V A C  f a n s .  I n  
a d d i t i o n ,  d u r i n g  t h e  w i n t e r  a n  i n f r a r e d  t h e r m o g r a p h i c  
i n s p e c t i o n  of  t h e  b u i l d i n g s  was p e r f o r m e d  wh ich  r e v e a l e d  
t h e  s i t e s  of  b u i l d i n g  l e a k a g e .  

INTRODUCTION 

I t  h a s  b e e n  f o u n d  i n  t h e  U n i t e d  S t a t e s  t h a t  many new 
b u i l d i n g s  w h i c h  were d e s i g n e d  t o  e n e r g y  c o n s e r v a t i o n  
s t a n d a r d s  a n d  s p e c i f i c a t i o n s  d o  n o t  a f t e r  c o n s t r u c t i o n  
p e r f o r m  a c c o r d i n g  t o  t h e  d e s i g n  d u e  t o  e i t h e r  p o o r  
w o r k m a n s h i p  o r  a  m i s u n d e r s t a n d i n g  o f  t h e  c o n s t r u c t i o n  
s p e c i f i c a t i o n .  I t  i s  d i f f i c u l t  t o  d e t e r m i n e  by n o r m a l  
i n s p e c t i o n  t e c h n i q u e s  w h e t h e r  a  b u i l d i n g  u n d e r  
c o n s t r u c t i o n  w i l l  meet i t s  d e s i g n  s p e c i f i c a t i o n .  T h e r e  
e x i s t  a  need f o r  i n  s i t u  and  n o n d e s t r u c t i v e  measu remen t  
t e c h n i q u e s  t o  v e r i f y  t h e  t h e r m a l  i n t e g r i t y  o f  t h e  
e n v e l o p e  s y s t e m  o f  o f f  i c e  b u i l d i n g s  u n d e r  c o n s t r u c t i o n  
and d u r i n g  t h e  p o s t  occupancy e v a l u a t i o n  p e r i o d  when t h e  
b u i l d i n g  i s  u n d e r  w a r r a n t e e .  I n  t h i s  p e r i o d ,  t h e r m a l  
d e f e c t s  which  c a n  be  i d e n t i f i e d  and  l o c a t e d  would  be  t h e  
r e s p o n s i b i l i t y  o f  t h e  c o n t r a c t o r  t o  c o r r e c t  b e f o r e  
d e p a r t i n g  f rom t h e  s i te .  E x i s t i n g  b u i l d i n g s  d e g r a d e  w i t h  
age  and  r e q u i r e  p e r i o d i c  ma in t enance .  The p o t e n t i a l  f o r  
s e r i o u s  d e t e r i o r a t i o n  i n  t h e  b u i l d i n g  w i l l  o f t e n  produce  



t h e r m a l  a n o m a l i e s  l o n g  b e f o r e  s e r i o u s  d a m a g e  h a s  
o c c u r r e d .  The  d e t e c t i o n  o f  t h e s e  a n o m a l i e s  c a n  l e a d  t o  
c o r r e c t i v e  a c t i o n  b e f o r e  c o s t l y  r e p a i r s  a r e  r e q u i r e d .  To 
a s s u r e  t h e  q u a l i t y  of  r e m e d i a l  a c t i o n s  t a k e n  t o  improve  
e x i s t i n g  o f f  ice  b u i l d i n g s ,  i n s p e c t i o n  t e c h n i q u e s  a r e  a l s o  
r e q u i r e d .  R e c o g n i z i n g  t h i s  s i t u a t i o n ,  t h e  G e n e r a l  
S e r v i c e s  A d m i n i s t r a t i o n  ( G S A )  s t a r t e d  a  p r o j e c t  a t  t h e  
N a t i o n a l  B u r e a u  o f  S t a n d a r d s  (NBS) t o  deve lop ,  a s s e s s  and  
d e m o n s t r a t e  measurement  m e t h o d s  w h i c h  would be  a p p l i c a b l e  
t o  i t s  r e q u i r e m e n t s  f o r  e v a l u a t i n g  t h e  t h e r m a l  i n t e g r i t y  
of i t s  o f f  ice  b u i l d i n g s .  The i n s p e c t i o n  t e c h n i q u e s  b e i n g  
e v a l u a t e d  by  NBS a r e :  g r o u n d - b a s e d  i n f r a r e d  
t h e r m o g r a p h i c  s u r v e y s ,  a e r i a l  i n f r a r e d  s u r v e y s ,  t r a c e r  
g a s  a i r  i n f i l t r a t i o n  m e a s u r e m e n t s ,  p r e s s u r i z a t i o n  t e s t s  
f o r  d e t e r m i n i n g  t h e  t i g h t n e s s  o f  t h e  b u i l d i n g  e n v e l o p e ,  
e n e r g y  a u d i t s  u s i n g  s p o t  r a d i o m e t e r s ,  q u a n t i t a t i v e  
measu remen t  of  t h e  t h e r m a l  r e s i s t a n c e  of  s e c t i o n s  o f .  t h e  
b u i l d i n g  e n v e l o p e  u s i n g  h e a t  f l o w  meters,  a  p o r t a b l e  
c a l o r i m e t e r  box . des ign  by t h e  N a t i o n a l  Resea rch  C o u n c i l  
o f  Canada and  a n  e n v e l o p e  t h e r m a l  t e s t i n g  u n i t  d e v e l o p e d  
by L a w r e n c e  B e r k e l e y  L a b o r a t o r y  a n d  t h e  i n d i v i d u a l  
t e s t i n g  o f  t h e  t i g h t n e s s  o f  b u i l d i n g  c o m p o n e n t s  u s i n g  
p r e s s u r i z a t i o n ,  A d e s c r i p t i o n  o f  t h e s e  m e a s u r e m e n t  
t e c h n i q u e s  a n d  t h i s  r e s e a r c h  p r o g r a m  c a n  b e  f o u n d  i n  
r e f e r e n c e  C11. T h i s  p a p e r  w i l l  d i s c u s s  t h e  r e s u l t s  of 
t h e  m e a s u r e m e n t s  p e r f o r m e d  on  e i g h t  f e d e r a l  o f f i c e  
b u i l d i n g s  a s  t h e y  r e l a t e d  t o  a i r  i n f i l t r a t i o n  a n d  
b u i l d i n g  t i g h t n e s s .  

2. DESCRIPTION THE EIGHT FEDERAL OFFICE BUILDINGS 

T h e  e i g h t  f e d e r a l  o f f i c e  b u i l d i n g s  a r e  l o c a t e d  i n  t h e  
c i t i e s  s h o w n  i n  t h e  map i n  f i g u r e  1. I n  g e n e r a l  t h e s e  
a r e  new ( less  t h a n  3 y e a r s  o l d )  b u i l d i n g s  c o n s t r u c t e d  t 
t h e  U.S. f e d e r a l  ene rgy  g u i d e l i n e s  of  l ess  t h a n  6 3 0  2J/M 2 
p e r  y e a r  o f  o n - s i t e  e n e r g y  a n d  l e ss  t h a n  1 2 0 0  M J / M  p e r  
y e a r  of o f f - s i t e  e n e r g y .  The  e x c e p t i o n  t o  t h i s  i s  t h e  
f e d e r a l  b u i l d i n g  i n  F a y e t t e v i l l e ,  AR wh ich  is  7 y e a r s  o l d  
a n d  w a s  b u i l t  b e f o r e  t h e  e n e r g y  g u i d e l i n e s  f o r  new 
f e d e r a l  o f f i c e  b u i l d i n g s  w a s  i n  e f f e c t .  Though  t h e s e  
b u i l d i n g s  t e n d  t o  p e r f o r m  b e t t e r  t h a n  m o s t  e x i s t i n g  
f e d e r a l  o f f i c e  b u i l d i n g s ,  n o n e  h a s  meet t h e  e n e r g y  
g u i d e l i n e s  d u r i n g  i ts  f i r s t  few y e a r s  of  occupancy. Fo r  
t h e  p u r p o s e  of t h i s  s t u d y  t h e  b u i l d i n g s  i n  Anchorage,  AK; 
S p r i n g f i e l d ,  MA;  N o r f o l k ,  V A ,  a n d  C o l u m b i a ,  SC a a r e  
c o n s i d e r e d  l a r g e  o f f i c e  b u i l d i n g s  ( o v e r  1 0 , 0 0 0  M of 
o c c u p i a b l e  a r e a ) .  C o l u m b i a  h a s  a  h e i g h t  o f  1 5  s t o r i e s ,  
N o r f o l k ,  8 s t o r i e s ;  A n c h o r a g e  b e t w e e n  2 t o  6 s t o r i e s  
d e p e n d i n g  on t h e  module;  a n d  S p r i n g f i e l d ,  5 s t o r i e s .  The 
b u i l d i n g s  i n  P i t t s f i e l d ,  MA; Huron, SD; Ann Arbor ,  M I  and  
F a y e t t e v i l l e ,  A R  a r e  c o n s i d e r  a s  s m a l l  o f f i c e  b u i l d i n g s  



f o r  t h e  p u r p o s e  o f  t h e  s t u d y  ( l e s s t h a n  1 0 , 0 0 0  l y 2  
o c c u p i a b l e  a r e a ) .  T h e s e  s m a l l  o f f i c e  b u i l d i n g s  r a n g e  i n  
h e i g h t  f r o m  2 t o  5  s t o r i e s .  A s u m m a r y  o f  t h e  
c h a r a c t e r i s t i c s  o f  t h e  b u i l d i n g s  i s  g i v e n  i n  t a b l e  1. 
S c h e m a t i c s  a n d  a  p h o t o g r a p h  f o r  e a c h  b u i l d i n g  a r e  g i v e n  
i n  f i g u r e s  2  t o  9. A l l  b u t  t w o  o f  t h e  b u i l d i n g s  h a v e  
v a r i a b l e  v o l u m e a i r  h a n d l e r s  i n  t h e  m a j o r  z o n e s  o f  t h e  
b u i l d i n g s .  They a r e  h e a t e d  by p e r i m e t e r  h e a t i n g  s y s t e m s  
which a r e  u s u a l l y  h y d r o n i c ,  The b u i l d i n g  i n  Columbia  h a s  
t w o  a i r  p e r i m e t e r  h e a t i n g  sys tems.  I n  t h e  b u i l d i n g  i n  
N o r f o l k  h e a t e r s  a n d  a i r  c o n d i t i o n e r s  h a v e  b e e n  a d d e d  t o  
t h e  a i r  s y s t e m  o n  f l o o r s  w h i c h  p r o v e d  d i f f i c u l t  t o  h e a t  
o r  c o o l .  They a l l  h a v e  c e n t r a l  c h i l l e r  s y s t e m s  f o r  
c o o l i n g  t h e  c o r e  s p a c e s  of  t h e  b u i l d i n g s .  The b u i l d i n g s  
i n  A n c h o r a g e  a n d  S p r i n g f i e l d  h a v e  u n d e r g r o u n d  g a r a g e s .  
The b u i l d i n g  i n  N o r f o l k  h a s  a n  e x t e r i o r  g a r a g e  w h i c h  
o c c u p i e s  p a r t  of  f l o o r s  1  t o  4. 

3.  AIR INFILTRATION AND VENTILATION RATES 

T h e  a i r  i n f i l t r a t i o n  u n d e r  n a t u r a l  c o n d i t i o n s  w a s  
m e a s u r e d  u s i n g  s u l f u r  h e x a f l u o r i d e  (SF6)  a s  a  t r a c e r .  
T h i s  t e s t  w a s  d e s i g n e d  f o r  e a c h  b u i l d i n g  t o  p r o d u c e  a  
m e a s u r e  o f  t h e  t o t a l  a i r  i n f i l t r a t i o n  o f  t h e  b u i l d i n g  and  
t h e  a i r  i n f i l t r a t i o n  of  t he  m a j o r  z o n e s  of  t h e  b u i l d i n g .  
Sample  t u b i n g  and  i n j e c t i o n  t u b i n g  was  i n s t a l l e d  i n  e a c h  
z o n e  a l o n g  w i t h  w i r i n g  f o r  m e a s u r n g  i n t e r i o r  
t e m p e r a t u r e s ,  t h e  s t a t u s  o f  t h e  b u i l d i n g ' s  HVAC f a n s  and  
f o r  a  w e a t h e r  s t a t i o n  ( w i n d  s p e e d ,  w i n d  d i r e c t i o n  a n d  
e x t e r i o r  t e m p e r a t u r e ) .  T h e  a u t o m a t i c  a i r  i n f i l t r a t i o n  
s y s t e m  [21  p r e v i o u s l y  d e s i g n e d  by MBS f o r  l a r g e  b u i l d i n g s  
w a s  i n s t a l l e d  i n  e a c h  b u i l d i n g  f o r  a  p e r i o d  o f  a b o u t  a  
week d u r i n g  t h e  f a l l ,  w i n t e r  and  s p r i n g  ( t h r e e  a u t o m a t e d  
a i r  i n f i l t r a t i o n  s y s t e m s  were u s e d  o n  t h i s  p r o j e c t ) .  
T e s t s  were pe r fo rmed  b o t h  d u r i n g  p e r i o d s  of  occupancy and  
non-occupancy, and w i t h  t h e  damper s  opened  a n d  c l o s e d .  To 
d a t e ,  t r a c e r  g a s  i n f i l t r a t i o n  meauremen t s  have  b e e n  made 
f o r  a  t o t a l  of  a b o u t  200 h o u r s  i n  e a c h  b u i l d i n g ,  The a i r  
s ample  l o c a t i o n s  f o r  t h e s e  tests a r e  g i v e n  i n  t a b l e  2. 

The  r e s u l t s  o f  t h e s e  m e a s u r e m e n t s  a r e  s u m m a r i z e d  i n  
t a b l e s  3 t o  1 0  a n d  f i g u r e s  1 0  t o  12.  The  d a t a  h a s  b e e n  
c a t e g o r i z e d  i n  t h e  v e n t i l a t i o n  r a t e s  e x p e r i e n c e d  d u r i n g  
o c c u p i e d  p e r i o d s ,  i n f i l t r a t i o n  r a t e s  f o r  wind  s p e e d  l e s s  
t h a t  2.5 M/S a n d  i n f i l t r a t i o n  r a t e s  f o r  w i n d  s p e e d  
g r e a t e r  t h a n  2.5 M/S. T a b l e s  3 t o  1 0  g i v e  t h e  a v e r a g e  
a i r  exchange  r a t e s  f o r  v a r i o u s  t e m p e r a t u r e  b i n s ,  A s t u d y  
o f  t h e  d a t a  i n  f i g u r e  1 0  a n d  t a b l e s  3 t o  1 0  show t h r e e  
d i s t i n c t  p a t t e r n s  i n  t h e  v e n t i l a t i o n  r a t e s  i n  the e i g h t  
b u i l d i n g s ,  The b u i l d i n g  i n  Huron  s h o w s  l i t t l e  c h a n g e  i n  
t h e  v e n t i l a t i o n  r a t e  d u r i n g  o c c u p i e d  p e r i o d s  o v e r  a l l  



t e m p e r a t u r e  b i n s  w i t h  t h e  p o s s i b i l i t y  t h a t  t h e  
v e n t i l a t i o n  r a t e  r a i s e s  f o r  t h e  t e m p e r a t u r e  b i n  1 0  t o  20 
OC. T h e  b u i l d i n g  i n  A n c h o r a g e  s h o w s  t h i s  r a i s e  i n  
t e m p e r a t u r e  c l e a r l y .  The b u i l d i n g s  i n  N o r f o l k  and  Ann 
Arbor  h a v e  low v e n t i l a t i o n  r a t e s  a t  b o t h  l ow  a n d  h i g h  
t e m p e r a t u r e s  w i t h  i n c r e a s i n g  v e n t i l a t i o n  r a t e s  i n  t h e  
t e m p e r a t u r e  b i n  1 0  t o  20 OC, T h i s  i n c r e a s e  i s  due t o  u se  
of ou tdoo r  a i r  of c o o l i n g  of , t h e  bu i l d ing .  The b u i l d i n g  
i n  S p r i n g f i e l d  h a s  a  f a i r l y  c o n s t a n t  v e n t i l a t i o n  r a t e  i n  
t h e  t e m p e r a t u r e  b i n  1 0  t o  2 0  O C  a n d  a n  i n c r e a s i n g  
v e n t i l a t i o n  a s  t h e  t e m p e r a t u r e  dec r ea se s -Th i s  i s  probably  
due  t o  t h e  i n c r e a s e  i n  i n f i l t r a t i o n  a s  t h e  t e m p e r a t u r e  
d e c r e a s e s  f o r  t h i s  b u i l d i n g  ( f i g u r e s  11 and  12).  T h e s e  
t r e n d s  i n  t h e  d a t a  a r e  i n d i c a t e d  by t h e  d o t t e d  l i n e s  i n  
f i g u r e  10. The minimum v e n t i l a t i o n  r a t e s  f o r  t h e s e  
b u i l d i n g s  ar 'e  g i v e n  i n  t a b l e  11. A s  c a n  be  s e e n  by 
examining t h e  d a t a ,  some of t h e s e  b u i l d i n g  under  c e r t a i n  
w e a t h e r  c o n d i t i o n s  v i o l a t e  t h e s e  minimum v e n t i l a t i o n  
r a t e s .  

The a i r  i n f i l t r a t i o n  r a t e s  f o r  some of t h e  b u i l d i n g s  a r e  
show i n  f i g u r e s  11 and  12. I n  g e n e r a l ,  t h o u g h  t h e r e  i s  
c o n s i d e r a b l e  v a r i a t i o n  i n  t h e  d a t a ,  i t  c a n  be seen t h a t  
l o w e r  e x t e r i o r  t e m p e r a t u r e s  p r o d u c e  h i g h e r  a i r  
i n f i l t r a t i o n  r a t e s  and h i g h e r  wind speeds  produce h i g h e r  
a i r  i n f i l t r a t i o n  r a t e s .  F i t t i n g  a  r e g r e s s i o n  l i n e  t o  
t h e  d a t a  i n  f i g u r e s  11 and  1 2  p r o d u c e  t h e  f o l l o w i n g  
r e l a t i o n s h i p s  b e t w e e n  t h e  t e m p e r a t u r e  a n d  a i r  
i n f i l t r a t i o n  r a t e s :  

Wind S ~ e e d  l ess  t h a n  2.5 M/S 

Norfolk:  

I = 0,59 - 0.0072 Tout  r2  = 0.38 

S p r i n g f i e l d :  

I = 0.58 - 0.0192 Tout r2  = 0,20 

Ann Arbor: 

I = 0.70 - 0.0056 Tout r2 = 0.03 

Huron: 

I = 0.20 - 0.0058 Tout r2 = 0.40 

Wind Speed G r e a t e r  Thaq 2Lfi M/S 

Norfolk:  

I = 0.64 - 0.0085 Tout r2 = 0.60 



Ann Arbor: 

I = 0.80 - 0.0115 Tout 

Huron: 

4. BUILDING TIGHTNESS HEASURIZATIONS 

The b u i l d i n g  t i g h t n e s s  o f  t h e  e i g h t  f e d e r a l  o f f i c e  
b u i l d i n g s  w e r e  t e s t e d  u s i n g  w h o l e  b u i l d i n g  f a n  
p r e s s u r i z a t i o n  and  t r a c e r  g a s  t e c h n i q u e s .  The f a n  
p r e s s u r i z a t i o n  t e s t s  w e r e  p e r f o r m e d  d u r i n g  t h e  f a l l  of  
1982 on s e v e n  o f  t h e  e i g h t  f e d e r a l  b u i l d i n g s  u s i n g  t h e  
b u i l d i n g ' s  H V A C  s y s t e m  f a n s .  It was  n o t  p o s s i b l e  t o  
p r e s s u r i z e  t h e  f e d e r a l  b u i l d i n g  i n  F a y e t t e v i l l e  because 
t h e  o u t s i d e  a i r  d u c t  c o u l d  n o t  b r i n g  i n  a  s u f f i c i e n t  
volume of a i r  due t o  i ts  l i m i t e d  s i z e .  I n  p r i n c i p l e  t h i s  
b u i l d i n g  c o u l d  be  p r e s s u r i z e d  by u s e  o f  a n  e x t e r n a l  f a n  
howeve r  t h e  s h i p m e n t  o f  t h i s  f a n  t o  F a y e t t e v i l l e  was  
judged t o  be t o o  expensive.  

The r e s u l t s  o f  t h e  p r e s s u r i z a t i o n  t e s t s  and  t h e  f a l l  
t r a c e r  g a s  a i r  i n f i l t r a t i o n  measurements (dampers c l o s e d )  
a r e  shown i n  t a b l e  12. The most  n o t a b l e  a s p e c t  of t h e s e  
d a t a  i s  t h e  t i g h t n e s s  o f  t h e  b u i l d i n g s  f r o m  t h e  
p r e s s u r i z a t i o n  measu remen t s .  The p r e s s u r i z a t i o n  t e s t  
r e s u l t s  a r e  t h e  a i r  f l o w  r a t e s  i n t o  t h e  b u i l d i n g s ,  i n  
u n i t s  of b u i l d i n g  volumes o r  exchanges  p e r  hour ,  r e q u i r e d  
t o  s u s t a i n  a  2 5  P a s c a l  ( P a )  p r e s s u r e  d i f f e r e n c e  b e t w e e n  
i n s i d e  and  o u t s i d e .  T h e s e  f l o w  r a t e s  a r e  s i g n i f i c a n t l y  
l a r g e r  t h a n  t h e  v e n t i l a t i o n  r a t e s  d u r i n g  normal b u i l d i n g  
o p e r a t i o n  o r  i n f i l t r a t i o n  r a t e s  induced by weather .  The 
50 Pa (0.2 i n c h e s  of H 0) exchange r a t e s  of t h e  b u i l d i n g s  
a r e  roughly  1.5 times %he 25 Pa (0.1 i n c h e s  of H20) r a t e s  
shown i n  t h e  t a b l e .  ' T h e s e  50 Pa l e a k a g e  r a t e s  a r e  v e r y  
low compared  t o  homes. U.S. homes r a n g e  f r o m  a b o u t  5  
v o l u m e s  p e r  h o u r  ( v e r y  t i g h t )  t o  g r e a t e r  t h a n  20  ( v e r y  
l e a k y ) .  S w e d i s h  and Canad i an  homes a r e  b e i n g  b u i l t  w i t h  
50  Pa f l o w  r a t e s  o f  l e s s  t h a n  2  v o l u m e s  p e r  hour .  Thus ,  
t h e  50 Pa f low r a t e  of t h e s e  f e d e r a l  b u i l d i n g s  correspond 
t o  ve ry  t i g h t  homes. 

From t h e  d a t a  i n  t a b l e  12,  i t  c a n  be s e e n  t h a t  t h e r e  i s  
c o r r e l a t i o n  between t h e  p r e s s u r i z a t i o n  measurements and 
t h e  t r a c e r  g a s  t e s t  r e s u l t s .  B e a r i n g  i n  mind  t h a t  t h e  
t r a c e r  g a s  r e s u l t s  a r e  p r e l i m i n a r y  and  made o n l y  u n d e r  
approx imate ly  t h e  same wea the r  c o n d i t i o n s ,  i n f i l t r a t i o n  
r a t e s  have  been p l o t t e d  a g a i n s t  p r e s s u r i z a t i o n  r e s u l t s  i n  
f i g u r e  13. The c o r r e l a t i o n  between t h e  two measurements 



appea r s  t o  be f a i r l y  s t r ong .  The s l o p e  of a  l i n e  p a s s i n g  
t h r o u g h  a l l  t h e  p o i n t s  i s  r o u g h l y  0.5. I f  o n e  a d j u s t s  
t h e  2 5  Pa  f l o w s  t o  50  Pa f l o w s  u s i n g t h e  r o u g h  c o r r e c t i o n  
f a c t o r  o f  1.5, t h e n  t h e  s l o p e  of i n f i l t r a t i o n  a g a i n s t  50 
Pa f l o w  i s  a b o u t  1 /3 .  T h i s  c o m p a r e s  t o  t h e  s l o p e  f o r  
r e s i d e n t i a l  b u i l d i n g s  which is  abou t  1/20. 

I n  c o m p a r i n g  t h e  p r e s s u r i z a t i o n  t e s t  r e s u l t s  o f  t h e  
f e d e r a l  b u i l d i n g s  t o  e a c h  o t h e r  and  t o  r e s i d e n t i a l  
b u i l d i n g s ,  t h e  i m p o r t a n t  f a c t o r  o f  s u r f a c e  t o  vo lume  
r a t i o  a r i s e s .  F i g u r e  1 4  shows  t h e  s u r f a c e  t o  vo lume  
r a t i o s  ( S / V )  f o r  t h e  f e d e r a l  b u i l d i n g s  and  t w o  s a m p l  
homes. The 1 - s t o r y  h o u s e  i s  a s sumed  t o  h a v e  a  1 2 0  M 5 
s q u a r e  f l o o r  a r e a  and 2.5 M c e i l i n g s .  T  e 2 - s t o r y  home 
a l s o  h a s  a  s q u a r e  f l o o r  p l a n  w i t h  100  M9 on  e a c h  f l o o r  
and a  5  M b u i l d i n g  h e i g h t .  We s e e  i n  t h e  f i g u r e  t h a t  
t h e  l a r g e  s i z e s  of  t h e  f e d e r a l  b u i l d i n g s  g e n e r a l l y  ' l e a d  
t o  l o w e r  v a l u e s  o f  S/V t h a n  f o r  homes. The Ann Arbo r  
b u i l d i n g  i s  an e x c e p t i o n  due  t o  i t s  p a r t i c u l a r  design.  

One may a d j u s t  t h e  p r e s s u r i z a t i o n  t e s t  r e s u l t s  i n  t a b l e  
1 2  t o  t a k e  i n t o  a c c o u n t  t h e  d i f f e r e n t  v a l u e s  o f  S/V 
amoung t h e  b u i l d i n g s .  T a b l e  1 2  g i v e s  t h e  2 5  Pa l e a k a g e  
r a t e  i n  b u i l d i n g  v o l u m e s  p e r  hour .  T h i s  umber d i v s d e d  9 by S/V, y i e l d s  t h e  2 5  Pa f l o w  r a t e  i n  m / h r  p e r  m of 
e x t e r i o r  s u r f a c e  area.  T h i s  second f l ow  r a t e  i s  more of 
a  m e a s u r e  of  w c o n s t r u c t i o n  q u a l i t y n  t h a n  t h e  f i r s t  f l o w  
r a t e .  F i g u r e  1 5  c o m p a r e s  t h e s e  t w o  m e a s u r e s  o f  
l e a k i n e s s .  The v e r t i c a l  s c a l e  on t h e  l e f t  s h o w s  t h e  2 5  
Pa f l o w s  i n  e x c h a n g e s  p e r  h o u r  f o r  t h e  s e v e n  f e d e r a l  
b u i l d i n g s  and t h e  two sample  houses  (2.0 e x c h a n g e d h r  a t  
50 Pa, ex t r eme ly  t i g h t ) .  h e  v e r t i c a l  s c a l e  on t h e  r i g h t  3 shows t h e  25 Pa f l o w s  i n  m /hr-m2 a s  d i s c u s s e g  above2 We 
s e e  t h a t  i n  moving  f r o m  e x h c a n g e d h r  t o  m /hr-m t h e  
t i g h t n e s s  r ank ing  of t h e  b u i l d i n g s  changes  s i g n i f i c a n t l y .  
Also ,  t h e  s p r e a d  i n  t h e  l e a k a g e  v a l u e s  u s i n g  t h e  s e c o n d  
measure i s  l a r g e r  t h a n  t h e  sp r ead  i n  exchanges  p e r  hour. 
The m o s t  s i g n i f i c a n t  c h a n g e  o c c u r s  i n  t h e  Ann Arbo r  
b u i l d i n g  wh ich  i s  o f  a v e r a g e  t i g h t n e s s  a s  m e a s u r e d  by 
excha g e s  pez hour  b u t  i s  t h e  t i g h t e s t  b u i l d i n g  i n  terms 9 of m /hr-m . Thus,  t h e  Ann Arbor  b u i l d i n g  h a s  t h e  
t i g h t e s t  c o n s t r u c t i o n  p e r  m 2  of w a l l  a r e a ,  b u t  i t s  d e s i g n  
l e a d s  i t  t o  a p p e a r  r e l a t i v e l y  l e a k i e r  t h a n  many of  t h e  
o t h e r  b u i l d i n g s  a s  measured by t h e  f l ow  i n  exchanges  p e r  
hour. 

5. LOCATION QE AIR INFILTRATION. SITES USING 'JHERMOGRAPHY 

Each of t h e  f e d e r a l  o f f i c e  b u i l d i n g s  was i n s p e c t e d  u s i n g  
a n  i n f r a r e d  t h e r m o g r a p h i c  s y s t e m  d u r i n g  t h e  w i n t e r .  
These i n s p e c t i o n s  were performed from both  t h e  e x t e r i o r  
and i n t e r i o r  of t h e  b u i l d i n g s  a t  n igh t .  These i n s p e c t i o n  



show t h e  l o c a t i o n  o f  s e v e r a l  c l a s s e s  o f  a i r  i n f i l t r a t i o n  
s i t e s  i n  t h e s e  b u i l d i n g s ,  T h e s e  a r e  summar ized  i n  t a b l e  
13. F i g u r e  16 s h o w s  s o m e  e x a m p l e s  o f  t h e  t h e r m o g r a m s  
produced.  A more c o m p l e t e  d i s c u s s i o n  t h e  t h e  r e s u l t s  of 
t h e  t h e r m o g r a p h i c  s u r v e y s  c a n  be  f o u n d  i n  r e f e r e n c e s  3 
a n d  4. 

6 ,  CONCLUSIONS 

The  r e s u l t s  o f  t h i s  s t u d y  show t h a t  i t  i s  p o s s i b l e  t o  
p e r f o r m  a i r  i n f i l t r a t i o n  a n d  b u i l d i n g  t i g h t n e s s  
m e a s u r e m e n t s  e v e n  i n  l a r g e  b u i l d i n g s .  I n  m o d e r n  U,S. 
o f f i c e  b u i l d i n g s ,  t h e  a i r  i n f i l t r a t i o n  r a t e s  d u e  t o  
e n v i r o n m e n t a l  f a c t o r s  t e n d  t o  b e  l o w  a n d  t h e s e  o f f i c e  
b u i l d i n g  c a n  b e  c l a s s i f i e d  a s  t i g h t .  D u r i n g  t h e  
o p e r a t i o n  of t h e s e  b u i l d i n g s ,  t h e r e  a r e  p e r i o d s  o f  t ime 
when t h e  b u i l d i n g s  w i l l  h a v e  low v e n t i l a t i o n  r a t e s  wh ich  
a r e  be low t h e  a c c e p t e d  minimum r e q u i r e m e n t s  f o r  o c c u p i e d  
o f f  ice b u i l d i n g s .  
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Arqa V 01 yme 
(M (M 1 

Z o n e s  HVAC Type 

Anchorage 48,470 174,000 6 V AV 

S p r i n g f i e l d  14,560 75,300 3 VAV* 

Columbia 21,600 109, 000 3 VAV* 

N o r f o l k  18,570 60,300 2 VAV* 

P i t t s f  i e l d  1,860 8,520 2 CV 

Huron 6,910 27,500 2 VAV* 

Ann Arbor  5, 270 33,400 3 v AV * 
F a y e t t e v i l l e  3,660 20,400 6 CV 

VAV - V a r i a b l e  Volume CV - C o n s t a n t  Volume 
* 

L o b b i e s  have  c o n s t a n t  volume a i r  h a n d l e r s  

T a b l e  1. Summary o f  B u i l d i n g  C h a r a c t e r i s t i c s  f o r  E i g h t  
F e d e r a l  O f f i c e  B u i l d i n g s  



Anchoraae 
1. Module A 
2. Module B 
3. Module C 
4. Module D 
5. Module E 
6. Module F  
7. 5 t h  F l o o r  Module C 
8. 3rd  F l o o r  Module C 
9. 1 s t  F l o o r  Module C 

S ~ r i n g f  i e l d  
1. North Re tu rn  
2. Sou th  Re tu rn  
3 .  Atrium/Lobby 
4. 5 t h  F l o o r  - North 
5. 4 t h  F l o o r  - North 
6. 3rd  F l o o r  - North 
7.  2nd F l o o r  - North 
8. 1 s t  F l o o r  - North 
9. 4 th  F l o o r  - South  
10.2nd F l o o r  - South  

Columbia 
1. HVAC Return  
2. 1 3 t h  F l o o r  
3. 1 1 t h  F l o o r  
4. 9 th  F l o o r  
5. 7 t h F l o o r  
6 ,  5 t h F l o o r  
7. 3 r d  F l o o r  
8. 1 s t  F l o o r  & Basement 
9. Lobby 

10. Courthouse 

Norf 01 k 
1. HVAC Return  
2. 8 t h  F l o o r  
3. 7 t h  F l o o r  
4. 6 t h  F l o o r  
5. 5 t h  F l o o r  
6. 4 t h  F l o o r  
7. 3 r d  F l o o r  
8. 2nd F l o o r  
9. 1 s t  F l o o r  

Ann Arbor - F a v e t t e v i l l e  
1. HVAC R e t u r n  1. 1 s t  F l o o r  
2. 4 t h  F l o o r  Return  2. 2nd F l o o r  
3,  3rd  F l o o r  Return 3. 3 r d  F l o o r  
4. 1 s t  & 2nd F l o o r  Return 4. 4 t h  F l o o r  
5. Lobby 5. 5 t h  F l o o r  
6. Pos t  O f i c e  6. Courtroom - 5 t h  F l o o r  

Huron P i t t s f i e l d  
1. North Re tu rn  1. 1 s t  F l o o r  Return  
2. E a s t  Re tu rn  2. 2nd F l o o r  Return  
3. 4 th  F l o o r  - North 
4. 3 rd  F l o o r  - North 
5. 2nd F l o o r  - North 
6. 1 s t  F l o o r  - North 
7. 4 th  F l o o r  - E a s t  
8. 3rd  F l o o r  - E a s t  
9, 2nd F l o o r  - E a s t  
1 O . l s t  F l o o r  - E a s t  

Table  2. L o c a t i o n  of T r a c e r  Gas Sampling 



Temperature V e n t i l a t i o n  Dampers Closed Dampers Closed 
B in  Occupied (Wind < 2.5 M/S) (Wind > 2.5 M/S) 

Table  3 .  Average A i r  Exchange Ra tes  i n  Va r ious  Temperature  
B i n s  During Occupied P e r i o d s  and Unoccupied Peri.ods 
w i t h  Dampers Closed - Anchorage, AK 

Temperature V e n t i l a t i o n  Dampers Closed Dampers Closed 
Bin  Occupied (Wind < 2.5 M/S) (Wind > 2.5 M/S) 

( O C )  (X/HR) (X/HR) ( X / H R )  

Table  4, Average A i r  Exchange Ra t e s  i n  Va r ious  Temperature  
B i n s  During Occupied P e r i o d s  and Unoccupied P e r i o d s  
w i t h  Dampers Closed - Columbia, SC 



Tempera tu re  V e n t i l a t i o n  Dampers C losed  Dampers C losed  
B i n  Occupied (Wind < 2.5 M/S) (Wind > 2.5 M/S) 

( O c )  ( X / H R )  ( X / H R )  ( X / H R )  

T a b l e  5. Average A i r  Exchange R a t e s  i n  V a r i o u s  T e m p e r a t u r e  
B i n s  Dur ing  Occupied  P e r i o d s  and Unoccupied P e r i o d s  
w i t h  Dampers C losed  - N o r f o l k ,  V A  

Tempera tu re  . -  V e n t i l a t i o n  Dampers C losed  Dampers C losed  
B i n  Occupied (Wind < 2.5 M/S) (Wind > 2.5 M/S) 

T a b l e  6 .  Average A i r  Exchange R a t e s  i n  V a r i o u s  T e m p e r a t u r e  
B i n s  Dur ing  Occupied P e r i o d s  and Unoccupied P e r i o d s  
w i t h  Dampers Closed  - S p r i n g f i e l d ,  MA 



T e m p e r a t u r e  V e n t i l a t i o n  Dampers C l o s e d  Dampers C l o s e d  
B i n  Occupied  (Wind < 2.5 M/S) (Wind > 2.5 M/S) 

T a b l e  7. Average  A i r  Exchange R a t e s  i n  V a r i o u s  T e m p e r a t u r e  
B i n s  Dur ing  Occupied  P e r i o d s  and  Unoccupied  P e r i o d s  
w i t h  Dampers C losed  - P i t t s f i e l d ,  MA 

T e m p e r a t u r e  V e n t i l a t i o n  Dampers C l o s e d  Dampers C l o s e d  
B i n  Occupied  (Wind < 2.5 M/S (Wind > 2.5 M/S) 

(OC) (X/HR) (X/HR) (X/HR) 

T a b l e  8. Average  A i r  Exchange R a t e s  i n  V a r i o u s  T e m p e r a t u r e  
B i n s  Dur ing  Occupied  P e r i o d s  and  Unoccupied  P e r i o d s  
w i t h  Dampers C losed  - Huron, SD 



T e m p e r a t u r e  V e n t i l a t i o n  Dampers  C l o s e d  Dampers  C l o s e d  
B i n  O c c u p i e d  (Wind < 2.5 M/S) (Wind > 2.5 M/S) 

T a b l e  9. A v e r a g e  A i r  E x c h a n g e  R a t e s  i n  V a r i o u s  T e m p e r a t u r e  
B i n s  D u r i n g  O c c u p i e d  P e r i o d s  a n d  U n o c c u p i e d  P e r i o d s  
w i t h  Dampers C l o s e d  - F a y e t t e v i l l e ,  AR 

T e m p e r a t u r e  V e n t i l a t i o n  Dampers  C l o s e d  Dampers  C l o s e d  
B i n  O c c u p i e d  (Wind < 2.5 M/S) (Wind > 2.5 M/S) 

(OC) (X/HR) (X/HR) (X/HR) 

T a b l e  10. A v e r a g e  A i r  E x c h a n g e  R a t e s  i n  V a r i o u s  T e m p e r a t u r e  
B i n s  D u r i n g  O c c u p i e d  P e r i o d s  a n d  U n o c c u p i e d  P e r i o d s  
w i t h  Dampers  C l o s e d  - Ann A r b o r ,  M I  



Smoking Non-smoking D e s i g n  10% O u t s i d e  A i r  

A n c h o r a g e  0.67 0.17 - 0.28 

P i t t s f  i e l d  0.42 0.10 0.42 0.32 

Norf 01 k  0.69 0.17 - 0.25 

Columbia  0.41 0.10 0.29 0.28 

Ann A r b o r  0.38 0.09 0.52 0.36 

F a y e t t e v i l l e  0.41 0.10 0.94 0.57 

Huron 0.49 0.12 - 0.31 

S p r i n g f i e l d  0.46 0.12 - 0.44 

A s s u m p t i o n s :  7 p e o p l e  p e r  100 2 
Smoking:  1 0  l / s  p e r  p e r s o n  
Non-Smoking 2.5 l / s  p e r  p e r s o n  

T a b l e  11. E s t i m a t e d  Minimum V e n t i l a t i o n  R a t e s  R e q u i r e d  

* 
P r e s s u r i z a t i o n  T r a c e r  G a s  Decay 

B u i l d i n g  Flow a t  25 Pa I n f i l t r a t i o n  R a t e  
L o c a t i o n  ( v o l u m e s / h o u r )  ( v o l u m e s / h o u r  

A n c h o r a g e  0. 80 (3.20 t o  0.30 

Ann A r b o r  0.86 0.55 t o  0.65 

Columbia  0.67 0.35 t o  0.45 

F a y e t t e v  i l l e  ---- 0.35 t o  0.45 

Huron 0.45 0.10 t o  0.20 

Norf 01 k  

P i t t s f i e l d  

S p r i n g f i e l d  1.00 0.30 t o  0.40 

* T h e v a l u e s l i s t e d c o r r e s p o n d t o a  r a n g e o f  m e a s u r e d  
i n f i l t r a t i o n r a t e s  w i t h  w i n d  s p e e d s  less  t h a n  1.5 m / s  
a n d  a n  o u t s i d e  t e m p e r a t u r e  b e t w e e n  5 and  10 OC.  

T a b l e  12. A i r t i g h t n e s s  Measurement  R e s u l t s  f o r  E i g h t  F e d e r a l  
B u i l d i n g s .  



A i r  A i r  Leakage J o i n t s  
P e n e t r a t i o n  Doors Windows Wall C e i l i n g  Floor  
Wal l s  C e i l i n g  Wall Wall W a1  1 

Anchorage * i * i 

Ann Arbor * * * * * 
Columbia t t * * t B 

F a y e t t e v i l l e  * c 8 8 

Huron * * * * * 
Norf 01 k 8 * i t  * t 

P i t t s f i e l d  w * t t * * 
S p r i n g f i e l d  * 8 t * 

Table 13. Dominant Loca t ions  of Air Leakage S i t e s  a s  Revealed 
by Thermographic I n s p e c t i o n s .  



F i g u r e  1 .  L o c a t i o n  o f  E i g h t  Fede ra l  O f f i c e  B u i l d i n g s  
i n  U . S . A .  

ANCHORAGE FEDERAL BUILDING 
Schematic of Overhead view 

/---1 Module  A 

. S a m p l e  l o c a t i o n s  

F i g u r e  2. S c h e m a t i c  a n d  P h o t o g r a p h  o f  F e d e r a l  B u i l d i n g  
i n  A n c h o r a g e ,  A K  



SPRlNGFlELD FEDERAL BUlLDlNG 
Schematic o f  South Elevation 

A Sample location --- Outline of Atrium 

4th Floor 
south SOUTH NORTH 

ZONE 

South zone 
return 

south 

"' F'l 
5th Floor 

north 

I 

Mechanical A 
A 

4 t h  Floor 
north 

North zone 
return 

3rd Floor 
north 

2nd Floor 
north 

1 st  Floor 
north - 

SPRINGFIELD FEDERAL BUILDING 
Schematic of First Floor 

South Zone I 1  
I r - i  

1 : r  
I , , I  , North 

Zone 

--L North 

F i g u r e  3.  S c h e m a t i c  a n d  P h o t o g r a p h  of F e d e r a l  B u i l d i n g  
i n  S p r i n g f i e l d ,  MA 



Schematic  o f  East  Elevat ion 

A Sample locations 

A Courthouse 

COLUMBIA FEDERAL BUILDING 
Schematic  o f  Overhead V i e w  

-L 

North  

F i g u r e  4. S c h e m a t i c  and Photograph  of F e d e r a l  B u i l d i n g  
i n  Columbia,  SC 



A i r  A i r  Leakage 
P e n e t r a t i o n  Doors Windows 
Wal l s  C e i l i n g  

Anchorage 8 8 

Ann Arbor t * * 
Columbia s * * 
F a y e t t e v i l l e  * 
Huron I Q 

Norf 01 k 9 t 

P i t t s f i e l d  it * * 
S p r i n g f i e l d  * * 

Wall 
Wall 

J o i n t s  
C e i l i n g  
Wall 

F loor  
W a 1  1 

Table  13. Dominant Loca t ions  of A i r  Leakage S i t e s  a s  Revealed 
by Therrnographic I n s p e c t i o n s .  



F i g u r e  1 .  L o c a t i o n  of E i g h t  F e d e r a l  O f f i c e  B u i l d i n g s  
i n  U . S . A .  

ANCHORAGE FEDERAL BUILDING . 
Schematic  o f  Overhead v i e w  

/ I M o d u l e  A 

.Sample l o c a t i o n s  

F i g u r e  2. S c h e m a t i c  a n d  P h o t o g r a p h  of F e d e r a l  B u i l d i n g  
i n  A n c h o r a g e ,  A K  



NORFOLK FEDERAL BUILDING 
Schematic of West Elevation 

A Sample location 
---Outline of  outside garage on opposite side of  building 

A 8 t h  Floor 

A 6 t h  Floor 

5 t h  Floor 

NORFOLK FEDERAL BUILDING 
Schematic of North Elevation 

Penthouse 

1 I 

Garage 

F i g u r e  5. S c h e m a t i c  a n d  P h o t o g r a p h  o f  F e d e r a l  B u i l d i n g  
i n  N o r f o l k ,  V A  



PlTTSFlELD FEDERAL BUILDING 
Schematic of West Elevation 

Asample  locations 

Penthouse 

I A 2nd Floor I 
L 

A 1 s t  Floor 

PITTSFIELD FEDERAL BUILDING 
Schematic of Overhead View 

F i g u r e  6 ,  S c h e m a t i c  a n d  P h o t o g r a p h  o f  F e d e r a l  B u i l d i n g  
i n  P i t t s f i e l d ,  MA 



HURON FEDERAL BUILDING 
Schematic of East-West Building Section 

A Sample locations 

HURON FEDERAL BUILDING 
Schematic o f  Overhead View 

"North' Wing 

North Wing 

North 

East 
Wing 

4 t h  Floor north A 
A 4 t h  Floor east 

3rd Floor north A A 3rd Floor east 

2nd Floor north A A 2nd Floor east 

1st Floor north A A 1st Floor east 

Mechanical Penthouse 
North return East return 

A A 

F i g u r e  7. S c h e m a t i c  and Pho tog raph  of  F e d e r a l  B u i l d i n g  
i n  Huron, SD 

"East" Wing 



ANN ARBOR FEDERAL BUILDING 
Schematic of First  Floor 

I 
I 

I I 
I I 
I I 
I 
I Lobby I 
1 I 
I I 
I I 
L-- - 1 I 

I I 
Post Office I 

I 
[ l s t  Floor Only) ' I 

I - 

I 
North  

A N N  ARBOR FEDERAL BUILDING 
Schematic o f  East  Elevation 

M a i n  return 

A Sample locations 

F i g u r e  8. S c h e m a t i c  a n d  P h o t o g r a p h  of  F e d e r a l  B u i l d i n g  
i n  Ann A r b o r ,  M I  

I s t / Z n d  Floor . a I 
Post Office Lobby 

A A 



FAYETTEVILLE FEDERAL BUILDING 
Schematic of North Elevation 

FAYETTEVILLE FEDERAL BUILDING 
Schematic of  F i f t h  Floor 

Elevator room 
A Sample locations Courtroom 

FAYETTEVILLE FEDERAL BUILDING 
Schematic of First Floor 

I 

North 

1 
Corridor 

y::k 
:ig 
r,","," 
Mech 
room 

Ti,": 

Courtroom 

F i g u r e  9. S c h e m a t i c  a n d  P h o t o g r a p h  o f  F e d e r a l  B u i l d i n g  
i n  F a y e t t e v i l l e ,  A R  

North 

1 
Mechanical 

room 
Corridor I 

A 5 t h  Floor 

I Corridor 

7 

Front 
lobby 

Courtroom A 

Elevators 

b 

A 4 t h  Floor 

A 3rd Floor 

A 2nd Floor 

A l s t  Floor 

Elevator 

I 
Mechanical 

room 

d 



HURON: DAYTIME VENTILATION RATES 

g 3 1.0 
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ANCHORAQE: DAYTIME VENTILATION RATES 

OUTStDE TEMPERATURE 4.C) 

NORFOLK: DAYTIME VENTlLATlON 

1.0 1 1 I I 

OUTSIDE TEMPERATURE (*C) 

ANN ARBOR: DAYTIME VENTILATION 
0.6 

SPRINGFIELD : DAYTIME VENTILATION RAT€@ 8.0 

e3 "' 
i ii 

5 9.8 i! 5 
Y * * 2 1.0 

-10.0 o 10.0 20.0 a0.0 0.5 

OUTSIDE TEMPERATURE ('C) 
0 
"10.0 0 10.0 10.0 aO.O 

OUTSIDE TEMPERATURE (*C) 

F i g u r e  10. V e n t i l a t i o n  R a t e s  V e r s u s  O u t d o o r  T e m p e r a t u r e  f o r  
V a r i o u s  Off ice  B u i l d i n g s  



NORFOLK: INFILTRATION RATES 
(Wlnd 8pe.d 2.5 m/8) 

1 .OO 

0 
-10.0 0 10.0 20.0 30.0 

OUTSIDE T EMPERATURE ('C) 

ANN ARBOR: INFILTRATION RATES 
(Whd wead 2.5 m/r) 

1 .oo 

OUTSIDE TEMPERATURE 4%) 

HURON: INFILTRATION RATES 
(Wkrd 8pe.d e 2.8 m/r) 

OUTSIDE TEMPERATURE (mC) 

SPRINGFIELD: INFILTRATION RATES 
(Wlnd wed 4 2.5 m/8) 

OUTSIDE TEMPERATURE PC) 

F i g u r e  11 .  I n f i l t r a t i o n  R a t e s  V e r s u s  O u t d o o r  T e m p e r a t u r e  f o r  
Wind S p e e d  L e s s  Than 2 .5  M/S 



ANN ARBOR: lNFlLT RATION RATES 
(Whd  speed + 2.5 m/r) 

1.111 
NORFOLK: INFILTRATION RATES 

(Wind speed * 2.5 m/s) 
1 .oo 1 .oo 

5 5  - 
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HURON: MFILTRATION RATE8 
( W M  spood + 2.5 m/r) 

2' 
P * 2 $ 0.16 

~5 
d :: 
E . 2  0 

-20.0 - 10.0 0 10.0 20.0 

OUTSIDE TEMPERATURE 

F i g u r e  12, I n f i l t r a t i o n  R a t e s  V e r s u s  Ou tdoor  T e m p e r a t u r e  f o r  
Speed  G r e a t e r  Than 2 . 5  M/S 



I Ann Arbor 

Sprlngfleld 
I 

Pittsl ield 

Anchorage 

I Huron 

1 Wind speed c 3 mph 

Outside temperature - 4 0 - 5 O D F  

1 1 1 1 1 1 1 1 1 1 1  1 1 1  1 1  
0 0.5 1 .O 1.5 

PRESSURIZATION FLOW RATE AT 2 5  PA (exchanges/hr) 

F i g u r e  13. C o r r e l a t i o n  o f  A i r  I n f i l t r a t i o n  R a t e s  V e r s u s  
I n d u c e d  A i r  E x c h a n g e  R a t e s  a t  25 Pa 

i Ann Arbor 

Huron 
Faysltevllta 
Norfolk 
Sprlngfleld, Anchorape 
Columbla 

F i g u r e  1 4 .  
D i s t r i b u t i o n  o f  S u r f a c e  
t o  Volume R a t i o  Among 
F e d e r a l  O f f i c e s  a n d  
R e s i d e n c e s  

EXCHANGES/HOUR mJ/hr .m2 OF WALL AREA 
AT 2 5  PASCAL FLOW AT 2 5  PASCAL FLOW 

F i g u r e  15.  
P r e s s u r i z a t i o n  T e s t  R e s u l t s  

C o r n p a r i s i o n  o f  Ranks  



Anchorage  - A i r  L e a k a g e  a t  Huron  - Air L e a k a g e  f o r  
C o r n e r  Columns Wal l -Wal l  C o r n e r  

P i t t s f i e l d -  A i r p e n e t r a t i o n  A n n A r b o r -  A i r  P e n e t r a t i o n  
i n  W a l l  a t  W a l l - F l o o r  J o i n t  

Co lumbia  - I n t e r i o r  
A i r  P e n e t r a t i o n  
f r o m  Window 

S p r i n g f i e l d  - A i r  L e a k a g e  
C o r n e r  Column, W a l l -  
F l o o r  J o i n t  a n d  

Window F r a m e s  

F i g u r e  16. S a m p l e  Thermograms Showing  Air L e a k a g e  S i t e s  i n  
O f f  i c e  B u i l d i n g s  


